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ABSTRACT 
 
 
 
 
Three Malaysian species of Neolitsea, N. kedahense Gamble, N. coccinea B. 
C. Stone, and N. zeylanica (Nees) Merr. have been investigated. The aims of this 
study were to analyse the chemical composition of the essential oils, isolate and 
identify the pure compounds, and screen the antibacterial, α-glucosidase inhibitory 
and antioxidant activities. The essential oils were extracted by hydrodistillation and 
analysed by capillary gas chromatography (GC) and gas chromatography-mass 
spectrometry (GC-MS). The pure compounds were isolated by sequential maceration 
followed by fractionation and purification using several chromatographic techniques. 
The structures of the pure compounds were elucidated by spectroscopic methods. -
Cadinene (17.4%) was the main compound of the stem oil of N. kedahense, while -
caryophyllene (18.9%) and bicyclogermacrene (18.6%) were the major compounds 
of the leaf oil. The main compounds in the stem and leaf oils of N. coccinea were -
cadinene (21.2%) and selin-11-en-4-α-ol (26.8%), respectively. The bark and the 
heartwood oils of N. zeylanica were found to be rich in α-cadinol (15.7%) and -
cadinol (21.4%), respectively, while its leaf oil was dominated by -caryophyllene 
(38.4%). Twenty nine compounds, comprising of twelve sesquiterpenoids, six 
triterpenes, six flavonoids and five alkaloids were isolated from three Neolitsea 
species. Two new sesquiterpenoids, kedahensane and coccinine, together with 
another three new alkaloids, kedahensines A-C, were successfully identified. 
Kedahensane, kedahensines A and B, taraxerone, taraxerol, pseudoneoliacine, 
daibucarboline A and linderaggrine A were obtained from the stem extract of N. 
kedahense. Purification of the stem and leaf extracts of N. coccinea afforded 
coccinine, kedahensine C, linderane, linderalactone, pseudoneolinderane, 
linderanlide C, linderanine A, epicatechin, (-)-taxifolin, astilbin, L-quercitrin and 
afzelin. Isolation of compounds from the bark and leaf extracts of N. zeylanica 
yielded zeylanidine, zeylanine, lupenone, epifriedelanol, lupeol, 29-norlupan-3,20-
dione, genkwanin, zeylaninone, acutotrinol, afzelin, astilbin and L-quercitrin. The 
leaf oil of N. coccinea demonstrated moderate antibacterial activity against Bacillus 
subtilis with MIC value of 250 g/mL. The stem oil of N. kedahense (IC50 16.76 
μg/mL), linderalactone (IC50 12.72 μM) and linderanlide C (IC50 12.10 μM) showed 
the strongest activity against α-glucosidase enzyme. The ethyl acetate extract of the 
stem of N. coccinea showed the highest total phenolic content at 501.42 mg GAE/g 
and also displayed good DPPH radical scavenging activity (IC50 21.11 μg/mL). The 
presence of the new compounds in N. kedahense and N. coccinea could be used as 
chemotaxonomic markers for classification of the Neolitsea species.  
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ABSTRAK 
 
 
 
 
Tiga spesies Neolitsea Malaysia, N. kedahense Gamble, N. coccinea B. C. 
Stone, dan N. zeylanica (Nees) Merr. telah dikaji. Tujuan kajian ini ialah untuk 
menganalisis komposisi kimia minyak pati, mengasingkan dan mengenalpasti 
sebatian tulen, dan menyaring aktiviti antibakteria, perencatan α-glukosidase, dan 
antioksidan. Minyak pati diekstrak menggunakan penyulingan hidro dan dianalisis 
menggunakan kromatgrafi gas (GC) kapilari dan kromatografi gas-spektrometri jisim 
(GC-MS). Sebatian tulen telah dipisahkan secara rendaman berturutan diikuti dengan 
pemeringkatan dan penulenan menggunakan pelbagai teknik kromatografi. Struktur 
sebatian tulen ditentukan dengan kaedah spektroskopi. δ-Kadinena (17.4%) 
merupakan sebatian utama minyak batang N. kedahense, manakala β-kariofilena 
(18.9%) dan bisiklogermakrena (18.6%) merupakan sebatian utama minyak daun. 
Sebatian utama minyak batang dan minyak daun N. coccinea masing-masing adalah 
δ-kadinena (21.2%) dan selin-11-en-4-α-ol (26.8%). Minyak kulit batang dan minyak 
teras kayu N. zeylanica masing-masing didapati kaya dengan α-kadinol (15.7%) dan 
τ-kadinol (21.4%), manakala minyak daunnya didominasi oleh β-kariofilena 
(38.4%). Dua puluh sembilan sebatian, terdiri daripada dua belas seskuiterpenoid, 
enam triterpena, enam flavonoid dan lima alkaloid telah diasingkan daripada tiga 
spesies Neolitsea. Dua seskuiterpenoid baharu, kedahensana dan kokinina, bersama-
sama dengan tiga alkaloid baharu, kedahensina A-C, telah berjaya dikenalpasti. 
Kedahensana, kedahensina A dan B, tarakseron, tarakserol, pseudoneoliasina, 
daibukarbolina A dan linderaggrina A telah diperolehi daripada ekstrak batang N. 
kedahense. Penulenan ekstrak batang dan daun N. coccinea menghasilkan kokinina, 
kedahensina C, linderana, linderalakton, pseudoneolinderana, linderanlida C, 
linderanina A, epikatekin, (-)-taxifolin, astilbin, L-kuersitrin dan afzelin. Pengasingan 
sebatian daripada ekstrak kulit batang dan daun N. zeylanica menghasilkan 
zeylanidina, zeylanina, lupenon, epifriedelanol, lupeol, 29-norlupan-3,20-dion, 
genkwanin, zeylaninon, akutotrinol, afzelin, astilbin dan L-kuersitrin. Minyak daun 
N. coccinea mempamerkan aktiviti antibakteria yang sederhana terhadap Bacillus 
subtilis dengan nilai MIC 250 g/mL. Minyak batang N. kedahense (IC50 16.76 
μg/mL), linderalakton (IC50 12.72 μM) dan linderanlida C (IC50 12.10 μM) 
menunjukkan aktiviti yang paling kuat terhadap enzim α-glukosidase. Ekstrak etil 
asetat batang N. coccinea menunjukkan jumlah kandungan fenolik yang tertinggi 
pada 501.42 mg GAE/g dan juga mempamerkan aktiviti perencatan radikal DPPH 
yang baik (IC50 21.11 μg/mL). Kehadiran sebatian baharu dalam N. kedahense dan N. 
coccinea boleh digunakan sebagai penanda kemotaksonomi bagi pengelasan spesies 
Neolitsea.  
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 General Introduction 
 
For thousands of years, natural products derived from animals, plants and 
microbes have been used as traditional medicines and natural poisons in treating 
human diseases [1]. Primary and secondary metabolites are two classes of natural 
products which are categorized based on their metabolism pathways and biological 
functions.  Primary metabolites such as amino acids, proteins, nucleic acids, lipids 
and carbohydrates are compounds that are involved in the fundamental metabolic 
pathways.  These compounds are utilized by the organisms and cells for their own 
growth and development [2]. 
 
In contrast, secondary metabolites are excreting compounds that do not 
involved in the process of building and maintaining living cells, but are useful for 
protection against predators and pathogens. Secondary metabolites include 
glycosides, alkaloids, volatile oils, flavonoids, phenolics and terpenoids.  These 
secondary metabolites have attracted attention of many researchers due to their 
variety and unique structures as well as interesting bioactivities such as antibacterial, 
antifungal, antivirus and antitumor activities [2].  Biapenem (1), nitisinone (2) and 
apomorphine (3) are several secondary metabolites derived from natural sources 
which have been applied as drugs in medicinal industry [3].  
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(1)    (2)    (3) 
 
The occurrence of the secondary metabolites is often restricted to specific 
family and hence useful in chemotaxonomic classification.  For instance, three 
subfamily of Apocynaceae i.e. Cerberoideae, Echitoideae and Plumerioideae can be 
differentiated by analysing their secondary metabolites, in which piperidine 
derivatives can only be detected in Cerberoideae, cardiac glycosides in Echitoideae 
and indole alkaloids in Plumerioideae.  The presence of the secondary metabolites 
can give additional information to botanists to solve taxonomical problems especially 
in classification of the family and subfamily of plants [2]. 
 
 
 
1.2 Medicinal Plants 
 
Plants are the major contributors of natural products and are extremely 
important as sources of medicinal agents and models for the design, synthesis, and 
semisynthesis of novel substances for treating human ailments [4].  The Chinese was 
the earliest people using medicinal herbs to heal diseases followed by the Egyptian 
[2].  Approximately, up to 50,000 to 70,000 plant species are used in traditional and 
modern medicinal systems throughout the world [5].  
 
Globally, almost two third of population in the developing countries relies on 
medicinal plants and traditional practitioners for their primary healthcare, income 
generation and livelihood improvement [5].   At the same time, there is an increasing 
interest on plant medications especially herbs due to the assumption that the plant 
preparations will produce less incidence of adverse reactions compared to synthetic 
pharmaceuticals [6].  Several available synthetic drugs are toxic [7] and cause 
adverse effects such as allergic reactions, skin rashes, fever, hepatitis and 
N
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gastrointestinal toxicity [8].  Secondary metabolites derived from plants are good 
candidates for drug development since they often perceived as showing more “drug-
likeness and biological friendliness” than synthetic drugs [1].  A rapid increase has 
been observed in the number of global market for drug originated from plant in USA.  
According to the most recent report by BCC Research, the global plant-derived drug 
market was valued at US$ 22.1 billion in 2012 and sales are estimated to grow up to 
US$ 26.6 billion by 2017 at a compound annual growth rate (CAGR) of 3.7% [9]. 
 
Besides plant-natural drugs, plants essential oils or volatile oils also have 
been applied in medicinal and pharmaceutical industries.  Their uses as aromatherapy 
products, traditional systems of medicines and in complementary systems of 
medicines are growing up steadily in USA, Europe, Africa as well as Asian countries 
including Malaysia.  Anise seed (Pimpinella anisum), peppermint (Mentha piperita), 
clove (Syzygium aromaticum) and sweet basil (Ocimum basilicum) are examples of 
plant essential oils which are applied in medicinal applications [7].  
 
 Malaysia is one among other countries which have an extensive variety of 
plant species and traditional medical systems.  Out of 20,000 species of angiosperms 
and 600 species of ferns in Malaysia, more than 1,082 species and 76 species, 
respectively, have been claimed to have medicinal properties [10].  In line with these 
findings, Malaysian herbal product market is experiencing a tremendous growth.  
The Ministry of the Natural Resources and Environment estimated the herbal local 
market to grow at a rate of 15% per annum from RM7 billion in 2010 to around 
RM29 billion by 2020 [11].  
 
Examples of popular herbs which undergoing extensive research and given 
special attention under the first Entry Point Project (EPP1) for the nation's 
Agriculture National Key Economic Areas (NKEA) are tongkat ali (Eurycoma 
longifolia), kacip fatimah (Labisia pumila), misai kucing (Orthosiphon stamineus), 
hempedu bumi (Andrographis paniculata) and dukung anak (Phyllanthus niruri) 
[11].  These herbs are well known for their ability as traditional remedy and have 
potential to be commercialized as herbal based products in industrial applications.  
Apart from these herbs and more than 1,158 plants in Malaysia which possess 
medicinal values, over 19,000 of remaining plants [10] including Neolitsea species 
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are not fully exploited and discovered by the researchers.  It is believed that this 
genus also have potential to be used for medicinal purposes due to its uses in 
traditional health care systems. 
 
 
 
1.3 Lauraceae Family 
 
Lauraceae or Laurel, a large family of woody plants (except for the 
herbaceous parasite Cassytha) are distributed throughout tropical and subtropical 
latitudes mostly in American, Asian tropics, Australia and Madagascar [12].  The 
family consists of about 67 genera with more than 2500 species throughout the world 
[13].  A total of 16 genera and around 213 species of Lauraceae family are found in 
Peninsular Malaysia which occurred from lowland up to montane forests [14].  
Cinnamomun, Litsea, Lindera, Nothaphoebe [15] and Neolitsea [16] are several 
genera found in Malaysia.  The members of Lauraceae family known as Medang or 
Tejur by the Malays [17] are characterized by their spiral, alternate, opposite, sub-
opposite, whorled, entire and leathery leaves as well as small, regular, greenish white 
or yellow, fragrant or rancid smell, bisexual or unisexual and united with six sepals 
in two rows flowers [18].  The classification of Lauraceae is unsettled and being 
investigated until today. The system of Kostermans is currently the one most widely 
employed for the family (Table 1.1).  According to the system, this family is 
comprises of two sub-families, five tribes and eight subtribes [19]. 
  
Several members of Lauraceae family are used as sources of medicine, 
timber, nutritious fruits, spices and perfumes.  The essential oils of Cinnamomum 
species such as C. camphora, C. glanduliferum and C. parthenoxylon are used to 
make perfumes and medicines, while the bark of C. cassia and the root of Lindera 
aggregata are applied in traditional Chinese medicines [18].  In Asian countries, C. 
zeylanicum or locally known as cinnamon have been used traditionally as stomachic, 
carminative, diaphoretic, astringent, analgesic and antipyretic [20].  On the other 
hand, the leaf of Laurus nobilis has been used by European people to treat 
rheumatism and stomachic as well as antiseptic [21].  Some of Lauraceae species 
have been claimed to exhibit vary and interesting bioactivities such as anti-
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inflammatory, antimicrobial, antioxidant, antimite, antiplatelet aggregation and 
antitumour activities [22]. 
 
Table 1.1: Subfamilies, Tribes, Subtribes and Genus of the Lauraceae Family 
 
Subfamily Tribe Subtribe Genus 
Lauroideae Perseae Perseineae Persea 
   Machilus 
   Notaphoebe 
   Alseodaphne 
   Phoebe 
  Beilschmiediineae Apollonias 
   Beilschmiedia 
   Dehaasia 
   Endiandra 
   Hexapora 
   Mezilaurus 
   Potameia 
 Cinnamomeae Cinnamomineae Actinodaphne 
   Cinnamomum 
   Ocotea 
   Nectandra 
   Dicypellium 
   Pleurothyrium 
   Sassafras 
   Umbellularia 
  Anibineae Aniba 
   Aiouea 
   Endlicheria 
   Licaria 
   Phyllostemodaphne 
   Systemonodaphne 
   Urbanodendron 
 Litseeae Litseineae Litsea 
   Neolitsea 
  Laurineae Laurus 
   Lindera 
 Cryptocaryeae Eusideroxylineae Eusideroxylon 
  Cryptocaryineae Cryptocarya 
   Ravensara 
 Hypodaphneae  Hypodaphnis 
Cassythoideae   Cassytha 
 
 
Most of the members of Lauraceae family produce essential oils which 
consist of monoterpenes and sesquiterpenes as the main group components [23].  
Alkaloids are found to be the major secondary metabolites present in the genus of 
this family [13, 24-28], followed by lignans [26], butanolides [26, 27], endiandric 
acids [29], sesquiterpenes [24, 25, 27, 28, 30] and flavonoids [24-26, 28].  Majority 
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of the alkaloids existed in this family are isoquinolines, primarily aporphines and 
benzylisoquinolines groups.  Aporphines are predominant in genera Ocotea, 
Cassytha, Lindera, Litsea, Phoebe, Neolitsea and Beilschmiedia, while 
benzylisoquinolines are found particularly in Aniba and Cryptocarya [13, 24-28].  
Other than that, lignans are occurred mainly in Beilschmiedia, Cinnamomum and 
Machilus [26], butanolides are existed frequently in Litsea [26, 27] and Lindera [26], 
while endiandric acids derivatives are commonly present in Beilschmiedia and 
Endiandra [29].  
 
The skeletons of sesquiterpenes in Laurel plants vary in their structure, which 
include aliphatic, monocyclic, bicyclic and tricyclic sesquiterpenes and their 
oxygenated derivatives as well as sesquiterpene lactones. Litsea [27], Neolitsea and 
Lindera species contain a great number of these sesquiterpenes [24, 25, 28, 30].  The 
existence of sesquiterpene lactones in the form of furanogermacrane skeleton is 
unique to Neolitsea [24, 25, 28, 30] and Lindera species [30].  Flavonols and their 
glycosides are the most representative class of flavonoids found in Cassytha, 
Cinnamomum, Cryptocarya, Lindera, Litsea, Machilus [26] and Neolitsea [24-26, 
28]. 
 
 
 
1.4 Neolitsea Genus 
 
Neolitsea is an evergreen shrub which comprises approximately 100 species 
especially in tropical regions of Asia particularly in the East, South and Southwest 
China with 45 species (eight varieties) were reported to date [24, 28].  These species 
can also be found in America [25] and Australia [31].  Neolitsea species can be 
recognized by its clustered, six anthers, triplinerved leaves, sessile sub-umbels, the 
latter frequently borne on the bare, inter-leaf cluster stem regions and dimerous 
flowers [32].  
 
 Some of Neolitsea species are used traditionally to relieve several ailments 
especially by people in subtropical regions of Asia.  For examples, the leaf of N. 
cambodiana are applied externally to cure furuncle and carbuncle; the bark and root 
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of N. aurata have been used to alleviate edema by inducing diuresis [24]; and the 
bark and leaf of N. cassia are useful in treating fractures [33].  Besides, a few of 
Neolitsea species such as N. sericea is exploited as an ornamental tree in public 
gardens due to its graceful shape and religious connotation [34]. 
 
 N. kedahense Gamble (Figure 1.1) is a rare and endemic plant of Malaysia 
which can be found in montane forest at about 1000 m.a.s.l.  This small tree can 
reach 6 meter tall and confined to Gunung Jerai, Kedah.  Its leaf often in 
pseudowhorls and can be characterised by elliptic to lanceolate shape, blade leathery, 
velvety hairy below, apex pointed and base cuneate.  The flower usually in sessile 
umbellules in clusters from leaf axils or from twigs and have enclosed in hairy bracts 
and densely hair perianth [16]. 
 
 
 
 
 
 
 
 
 
Figure 1.1: Leaf of N. kedahense Gamble 
 
N. coccinea B. C. Stone (Figure 1.2), an endemic species of Malaysia can 
only be found from montane forest at Gunung Ulu Kali, Pahang.  It grows at about 
1600 m.a.s.l. in the form of a shrub to 3 meter tall.  The leaf of this rare species are 
spirally arranged, ovate to elliptic shape, blade thickly leathery, apex bluntly pointed 
and base broadly cuneate to rounded shape.  Its flower often in axillary clusters of 
umbellules having perianth tube densely hairy [16]. 
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Figure 1.2: Leaf of N. coccinea B. C. Stone 
 
N. zeylanica (Nees) Merr. (Figure 1.3) locally known as „teja pasir’ or 
„medang pasir‟ [15] is widely distributed in India, Malaysia, Burma, Sri Lanka, 
Borneo, Philippines [16] as well as Australia [15].  This shrub or small tree can grow 
up from coasts to inland forests including limestone to 1000 meter altitude.  Its 
timber is used for house building and planks, while its root is applied traditionally in 
the treatment of eruptions on fingers [15] and rheumatic arthralgia [24].  The leaf of 
N. zeylanica are alternate, ovate to lanceolate shape, blade thinly to thickly leathery, 
apex bluntly pointed or blunt, glabrous and base acute or rounded.  Its flower usually 
in sessile umbellules in clusters or short racemes from leaf axils or from twigs and 
have perianth lobes hairy at outside [16]. 
 
 
 
 
 
 
 
 
Figure 1.3: Leaf of N. zeylanica (Nees) Merr. 
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1.5 Problem Statement 
 
Phytochemical studies on Neolitsea species originated from India, Taiwan, 
Japan, Korea, Australia and Vietnam led to the isolation and identification of various 
classes of secondary metabolites such as terpenoids (sesquiterpenoids and 
triterpenoids), alkaloids, flavonoids, lignans and essential oils [24].  The distribution 
of these secondary metabolites is scientifically significant for chemotaxonomic 
classification of this species.  So far, approximately 26 species had been investigated 
for their phytochemistry and biological studies [24].  However, the essential oils and 
chemical constituents of Neolitsea species such as N. kedahense, N. coccinea and N. 
zeylanica from Malaysia have not been studied, and only one report on the isolation 
of sesquiterpene lactones from the root of N. zeylanica of India [35] was found.  
Thus, there is a requirement to investigate the presence of secondary metabolites 
from the three Neolitsea species of Malaysia.  Furthermore, there is still insufficient 
information regarding the essential oils and chemical constituents on the other plant 
parts of N. zeylanica such as leaf and bark. 
 
Plants of Neolitsea species have been used in traditional medicine for the 
treatment of various illnesses including furuncle, carbuncle, edema, fractures, 
eruptions on fingers and rheumatic arthralgia [15, 24, 33].  Neolitsea species had 
been found to show interesting medicinal value that leads to intensive 
pharmacological and biological properties such as antibacterial, antifungal, anti-
inflammatory and cytotoxicity activities [24].  However, among the previous studies, 
none of them reported the bioactivity of N. kedahense, N. coccinea and N. zeylanica.  
Hence, more attention on the bioactivity screenings of these three species are 
required. 
 
 
 
1.6 Objectives of Research 
 
The objectives of this study were; 
1. To extract and analyse the chemical composition of the essential oils from the 
fresh samples of N. kedahense, N. coccinea and N. zeylanica.   
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2. To isolate and identify the structures of pure constituents from the dried 
samples of N. kedahense, N. coccinea and N. zeylanica. 
3. To screen the bioactivities of the essential oils, crude extracts and pure 
isolated constituents for antibacterial, α-glucosidase inhibitory and 
antioxidant activities. 
 
 
 
1.7 Significance of Research 
 
The presence of the secondary metabolites in plant such as phenolics, 
terpenes, alkaloids, flavonoids, glycosides and volatile oils are very useful for 
chemotaxonomic classification due to their specific distribution in plants.  Therefore, 
the findings which obtained from the chemical composition of the essential oils and 
isolated constituents from N. kedahense, N. coccinea and N. zeylanica may be used 
to verify the chemotaxonomic relationship between the related species of Neolitsea 
and the related genus of Lauraceae as well as providing the phytochemical databases 
for Neolitsea species.  Furthermore, plant secondary metabolites also play a 
significant role for treating diseases either as a single compound or as a mixture.  
Hence, the results obtained from the bioactivity screenings of N. kedahense, N. 
coccinea and N. zeylanica may give additional knowledge to the pharmaceutical 
field. 
 
 
 
1.8 Scope of Research 
 
This research was focused on three Neolitsea of Malaysia, N. kedahense, N. 
coccinea and N. zeylanica.  Study on the chemical composition of the essential oils 
covered the stems and leaves of N. kedahense and N. coccinea as well as the bark, 
heartwood and leaf of N. zeylanica.  The fresh samples were extracted using 
hydrodistillation technique to afford the essential oils.  The essential oils were 
analysed using GC and GC-MS to identify the chemical composition of the oils. 
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The dried samples of N. kedahense (stem), N. coccinea (stem and leaf) and N. 
zeylanica (bark and leaf) were powdered and soaked successively using solvents with 
different polarities to give the crude extracts.  The crude extracts were fractionated 
using vacuum liquid chromatography (VLC).  Purification of the fractions were 
conducted using chromatographic methods including gravity column 
chromatography (CC) over SiO2 and Sephadex LH-20, preparative TLC (PTLC) and 
recycling preparative HPLC as well as recrystallization techniques to obtain the pure 
constituents.  Structures of pure constituents were elucidated by extensive 
spectroscopic analysis which include NMR (1D and 2D), IR, UV, MS spectrometry 
and X-ray crystallography.  Finally, three bioactivities namely antibacterial, α-
glucosidase inhibitory and antioxidant activities were performed on the essential oils, 
crude extracts and isolated constituents.  
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